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(54) PERMANENT MAGNET BRUSHLESS TORQUE ACTUATOR 

(57)Abstract: 

PURPOSE: To enable bidirectivity excellent in property by providing this 
actuator with upper and lower stator magnetic poles separated by 
working space. 

CONSTITUTION: Stator magnetic poles (HM) 48 and 50 are in the 
position related with the rotation of a housing. Permanent magnets 54 
and 56 form jointly short cylindrical rotors which are fixed close by each 
other to an output shaft 52 and rotate together, and both are polarized 
in parallel in the rotational direction of the output shaft 52, and the 
polarity is reverse. A coil 58 surrounds HM's 48 and 50, and it is 
surrounded by a sleeve 42 instead, and both ends of the electromagnetic 
coil 58 are sandwiched with upper and lower end plates 44 and 46. As a 
result, when it is excited by an unidirectional current, it goes down the 
lower HM 50 and passes the lower end plate 46 outward in radial 
direction, and goes up through the sleeve 42, and passes the upper end 
plate 44 inward in radial direction, and goes down the upper HM 48. That 
is, it crosses the first working space, and crosses the second working 
space through a permanent magnet rotor 62, and returns to the lower 
HM 50. 
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[0003] 

The patent official publication by Mr. Egger discloses many 
different rotators and stator shapes that provide many torque-angle rotation 
curves. The amount of rotations is determined on the basis of the 
generation torque and the power of the spring that resists rotations. By 
v changing the excitation level of the coil, the apparatus can be rotated for 
only the desired amount of angles. However, it is regrettable that since the 
apparatus by Mr. Egger operates only on the basis of the principle of 
permeability increase (an air gap is decreased), only the same operation can 
be carried out regardless of the polarity of the current flowing in the coil. 
[0027] 

In one preferred embodiment, the spring 70 is fixed to the lower 
end plate 46 with a pin, and it is connected with the output axis 52 at the 
other end, and carries out the action to move the connection portion 
between the permanent magnets 54, 56 contacting the roughly center 
position of the stator magnetic pole objects 48, 50 as shown in Fig. 3. This 
guarantees that when the excitation of the coil 58 is canceled, the actuator 
can be given displacement toward the center position. Of course, if the 
direction of current in the coil 58 is reversed, the direction of the magnetic 
flux shown in Fig. 3 and Fig. 4 and the rotation direction of the output axis 
52 are also reversed. 
[0028] 

On the other hand, in the preferred embodiment shown in Fig. 4 
shows the spring 70 that is going to return the rotator to the standard 
position or the center position (position where the rotator can move in any 



direction at the maximum distance freedom), meanwhile as an alternative 
plan of the mechanical spring 70, there is an electric position sensor shown 
as a box 72 in Fig. 4 that is well known in the conventional art. This is a 
position detection sensor that detects the angle position of the output axis 
52 by electrostatic, electromagnetic, optical or other means, and when the 
actual position differs from a necessary position, it emits an error signal, 
performs a processing, and increases and decreases the coil running current, 
until it is set to an error zero level or a fixed error level. Probably it is the 
alternative plan of the mechanical center setting system of the present 
invention to feed back position information, in order to adjust the coil 
running current, and this will be clear to those skilled in the art through the 
above-mentioned argument. 
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?'j ^ n c t wftfr zx?$>?>*> 0 mmc a a M&ofijt 

S6K^9 4 «*H@5£TB3[@ft:8 4 4TSPi 

j&hwh*8 8oncc^(ciB(i3tis. 
[0036] -j£¥-m<Dtp<Dm7£*mm&m*mw?z> 
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EiPfflEffittfcftWT £ C <t CC <fc o T»£ h ^ teM4> U 
[0 03 7] H5CD*J609©ftttX ha-^tt 

fc, feLH3<Di:0Sl^ hu-^£*iHf HI/ 

Hje^**tr s cttc^vrnjibfr? &mmx$ zm 3 

<D^S (Suffice— ffl©S5£T-»«fl0 (DZlfflfeJl/S* 
[003 8] S4^03©|g!feMC>»rffi^r^)^(D4^ 

20 cfla6«. H3s»H4(c^"rfc<3[)ccrioo^:#tt^fc 

[003 9 ] -fe JUrtOffllftffJftlHEX hn- ^ <fc«5» 

30 0ls : ?-rtCDPJgT^2 nfflcDMSi, 

ffirt © n ffl(DHST-»ffitt Cc J: o xmWunm n/n 

(n = 1 ) ©8Blffi**WT*J«^ (H3tc^-r»^) 

8t8«E^*5^»r**. ffl«ftWfi«ftKtt, it/ 
n. fiP%, 7C7t?7>t 1 8 0R$/cB± 9 OSr* 

[0 040] iiBtDH^HJE^e^ffi*^ •JIl'OCDH 

40 fe+zm? frmmemm-tzt. n = 2 

S) »S3»5»E3ffl (2x n ) rftK^ hn-*tt 
tt/2 7> ; 7>^/ttt9 /dii 4 5g4^^ 0 -fe 

^tf ^ h n - ^ tUi(c Jijffl h jl/ 2 ZCtifiiZB 

[o 04 i ] m^ch. -tefr&i&muxiym&tuxte 
-fKDa^i^ffitg . nMMb-rwwr, *p a i 

50 <08BEttEHg^CC^CCfffflTT*-S<D*C, jSM*©H2;KDil»P 
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[0042] mz-x. &m-k>immmm<D®&¥'tmm 

**7R"r4tt6K, H3e-TJPBH*tttt+ It?**. 03 

&e>*04fc:^-rin< v fe;i/CD»fi^r«, a=ir 

—or* S. HJE^ffiOKttoH- 1 , W*>, 2 "CiE&c 

4, a=2t, SMOHK^HR^r**. a + 1B3 
riEK:3ffl©Hffi-T-^ffi3&s*4. *»<r, ^tt^ii 

©»fiB»^»(0«[« (or + 1) niftS, SHIg^rt© 
150»«2 nrB5©4(fiS»2 ant*S. 03 R 

©»«**«»- 

[0 044103 nm.m e (Dmmm^m^comM^^ 
we?***.*-* * w«rr z ffig¥mmm<Dm&u: *$ 

tt±«5*JB 1 0 8 t!\ TSPHan ^H0 6(i 
T»»»l 1 0t*tt5. 440kMB4>nBC-T^ 
#112'. 11 4tt^»3^;l/©rt«|jBfflCca)l*iaBb 

^cfecor^o, ctuboitpmmM+mm&i 12, 1 1 
;n 0 4 . 106 (D^H^ticDm k> tc%\m<Dwm$imffi 

*<^TC^CiW5 0 *tfcW«c*$c>rw, 06 &c 
*JW*3^JU5 8©in<~o©=i-Y;l/ 1 0 4. 1 06*J 

mo*'*- cc^nrfcD. -003^ 

;H 0 4X5* 1 0 6#BH*Ufc»&, 3»S=M;H 0 4 
X« 1 0 6 3&s*^Ufc««3ftSBI6fc5K"i-*P<±HK*i| 
* J: 5 Cc -T 4 c <b 3&* **J & i ft s Q 
[0 04 6117^ iSflBi*l 12rtm5tB 

SC^o 07(00^9 2. 1 0 2B, 3^104, 1 
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0 6 tirH^O*p < ±SB, TSB©1&I? 10 8. 

1 1 O^Mt^d:, H6©»£±0D#e*riKU |5j 

IE?©— o©ffite£ig|£U aKSK^fCft-r-SHS^ 

[0047118^ «©»**«* isasm^-r. 

3^H 0 4, 1 0 6 3WH7(D3-f Jbt|5IC^riSl{C«*i 
tl-CC^SiiSStOr, 3-f;H06tt3-f;H04itt 
10 i»#ft©«»*s^3ftS©r* 3^H04, 106 

»siHcjs*wrnjo K~±^s©$t^&#fc£-r&o c© 

G8ffi#[B©S • N©ffi#ig&C£Cc£g) 0 
[0 04 8 ] C©fc«>tttfrtH5 2CC«K©<hED5n3l© h 
il/^*»4{ctt % TBBlME-T-l 1 6©tI^T£&14£_b 
SP03&T-9 2<DW&iCttom&2i*2><&&&ilbZ>. *>< 
r, B8©T«H*fc?-l 16H M^Oitt^igl 

r^sciii^wttiaso-FaBais^i 0 2±hi««:h 

^9 2©»©«E«c»-r*9l*HIU«l "S" , 
"N" £T9^ttI§]|£^l 1 6©aE»»;E©3l*ft:Lll 

[0 049] H8©iiJ6wcc*5c»r, *R8B^-y-»E# 

1 1 2«9«ttJRttit&rr&C£amg3tiS. ±§PH 
^0 2rta>littCc»-rSTWHI6?-l 1 6ft©S14© 
iHEi, HJ&RBffi#8 8, 1 1 2 &mZffi3i<Dfflto(tC 
<fcor, TSPHlKT-l 1 6tt:<fc9£-r& h^*tt±SW§I 
IE*9 2CcJ:Sh;u*iH£#ffi£tt?K *<Lt, S 
30 mom— fe;VMT^^^x-^ccj:9#6ti-5 

[005 0] H4CcHbr±aSbyfcJ:9tC. 06, 07 

^4 2, SS4 4, 4 6RWB«ft8 0. 84, 8 8. 
8 9,11 2<Drtauc«*#s, «ISt*IH«RCe:am'r*yfc 

»*ft6©$wccjsi>r*£. cneosufiWcfeCiT 

[005 1] 

[«M©S»*] MMT (gW^Eftftf) T**~x-* 

^Wt^Ci^^ 0 MOC «Sfc*siSnaiffl«:MM 
50 tc^rciCCAoTJEtcn^h^itt^L. f«B»**s* 
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[0052] cntcttu xmacmzfcxmE^is 
w z>m&-fifa*mtir £ C <»: K £ «5 

•T * C t -3 TMMTT * * a x- 3»^E©Hj»*5£IR 

3,, MMTilKOn-POBIIIMP-fJUCC 
it*. -€•©«& n-OU— o*ff«3«##wr SIBILS 
«. S^3Xh£$WtcM4>?-&„ »c. MMTgi© 10 
-HttESfcO — 3©fPtt^WtCJt^. — fi£5S/c*)~o 

[0 05 3] /*;XE8E:/^>UX MU^r^^x-* 

©^ < omam-pmiEi*. its© h * * -^niistf g^© 

[0E©SMHfti893] 

[01 ] &*8ffi©MMT7^^x-£©^#[tlTffi$J 
S0-C&&,, 

[02] 01©MMT7^9 L c*x-£©#fj?£4t.I0-C& 
*. 

[03] ^"^C^^mffiEhH^T^^x--*© 

[04] H3K^-r*IM8CC«4*^SBB^i/UX h 
;W7>f a r- £©Wffi0-C£>£,, 30 

[05] *¥m<Dm<Dmmm$:^-?b<D-eg>'ir--z><D 



[01 ] 
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*©#A?*54m0-e*£. 

[06] 0 5CC7B-r7kXIS5^'5->UX MH'Ti'?-^ 
[07] *»BOl«:W!)WI«4wt*0'C*r>T l 

[08] ^wwoKKjjKosatw^-rtorioT. 

ax.-* (Dftmmm -c* ■5. 
[ffip#©iaim 

40 7T<^Sa5^5->UX hJl-i'Ti'^^x-^ 

42 xy-:/ 

4 4. 4 6 

4 8, 5 0 B£-?-$€i& 

52 mum 

5 4, 5 6 MfiME 

5 8 3 -Ob 

6 2 SBSvHIST- 

6 6 ±gfSfWj£fiH 

6 8 rmmmm 

7 0 «ta 

72 ^mw&g-fe>-^ 

8 0, 8 2 ±SBB5£T«»lc 
8 4, 8 6 4>mB£?ttttft 

8 8, 9 0 TSflB/g^fiBStt 

9 2 ±aJH«t^ 

94, 96, 98, 100 MitME 

1 0 2 TSCUiE-? 

104 ±3$3-Y;U 

106 TgP^-C^ 

1 1 2 B£?ffifitt 

1 1 6 T3m&* 



[04] 
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[02] [03] [05] 




